Introduction {#S1}
============

Sleep is an influential component of human health and effective daily functioning and yet is often undervalued in many organizations. Sleep impacts many aspects of employee's work performance including the ability to adequately respond to rapidly changing work demands and stress-inducing environments and interactions. In the short-term and perhaps at the most basic level, sleep makes us less sleepy and more alert. Poor or inadequate sleep also has a negative impact on many longer-term factors relevant to organizational behavior and personal health including self-control and decision making ([@B52]; [@B112]), subjective effort ([@B40]), immunosuppression ([@B57]), and a variety of performance measures ([@B74]). Furthermore, our endogenous circadian rhythms impact not only our sleep-wake cycle by encouraging us to sleep at night but also affect our daytime alertness and performance. The organization can also have an impact on our endogenous need for sleep and our circadian rhythms. When organizations create an environment that increases work requirements, this creates additional stress beyond simply the work demands for the employee as well as the employee's family including poor sleep and other social and health concerns ([@B79]). In addition, many organizational demands, such as shiftwork and travel, challenge our circadian rhythms and create a sustained physiological drive for sleep. As such, sleep and circadian rhythms and their relationship to employee productivity, safety, and health are important concerns for human resource management.

Sleep and Circadian Rhythms {#S2}
===========================

Sleep is often described by two main components, sleep quantity and sleep quality. Sleep quantity is the amount of time spent asleep each night while sleep quality reflects features of sleep related to how well the person slept, such as time taken to fall asleep, number of awakenings during sleep, and how well rested the individual feels after waking ([@B108]). Both sleep quantity and sleep quality are important when considering how sleep impacts daily functioning, and can independently vary based on sleep habits and the presence of health issues or clinical sleep disorders. A recent meta-analysis found that sleep quality was better related than sleep quantity with employee perceptions and emotions such as workload, perceived control, and general strain ([@B75]). Decreased sleep quality is also associated with difficulties with social interactions in the workplace including feelings of ostracism ([@B27]). In addition, work schedules can require the person to be awake and functioning very early in the morning, often resulting in decreased sleep quantity for the employee. Or persons with sleep disorders, such as sleep apnea, may have a schedule that allows them to sleep for 7--8 h, but their condition causes them to wake up regularly throughout the night, leading to decreased sleep quantity and poor sleep quality ([@B76]). It is important to note that both decreased sleep quantity and poor sleep quality will increase sleepiness during work hours and can negatively impact the worker's performance and health.

The physiological need for sleep resulting in a daily sleep--wake cycle is a part of and interacts with our endogenous circadian rhythm. Circadian rhythms are physiological and behavioral cycles that occur on approximately a 24-h basis. In terms of our sleep--wake cycle, the desire to sleep is generated as a part of the circadian rhythm to sleep at night as well as a physiological need for sleep that generates roughly at the rate of 1 h of sleep for every 2 h awake. As such, each day we gradually accumulate the need to sleep as a result of being awake but are also influenced by the circadian drive for sleep. Because our daily rhythms are synchronized with the environment to promote sleepiness at the appropriate time, the circadian rhythm acts as an internal clock, and is influenced by bright light exposure, eating, and physical activity. When occupational needs require individuals to shift their regular sleep--wake routine, whether due to shift work scheduling or traveling across time zones, the inertia of the endogenous circadian rhythm can promote sleepiness or wakefulness at inappropriate times leading to occupational health and safety risks.

Another challenge to the endogenous circadian rhythm occurs in workers in the circumpolar regions where sun light exposure and temperature change dramatically due to seasonal variation which also impact sleep habits and can negatively affect alertness and performance ([@B71]; [@B92]). For example, seasonal affective disorder can occur in individuals exposed to extreme changes in environmental conditions, such as dramatic changes in sun light exposure ([@B123]). Persons living in regions with limited sun light exposure in the winter time can experience seasonal affective disorder where periods of depression occur during the winter months but then gradually decrease as the day length increases. In fact, day length is related to use of antidepressants in United Kingdom ([@B73]). These work-related challenges to the circadian system are common occurrences in many work settings and require additional attention when considering the impact of sleep on organizational behaviors and occupational health issues.

Assessment of Sleep and Sleepiness {#S3}
==================================

Sleep is both a physiological event and a personal experience. As such, methods for measuring sleep and sleepiness incorporate both objective and subjective measures. Laboratory measures of sleep include physiological methods such as polysomnography, which includes measures such as eye tracking, brain and muscle activity, respiration, oxygen levels, and cardiac activity to precisely monitor wakefulness and sleep. Although these measures are widely used in clinical settings, there are limitations to standard sleep stage scoring ([@B113]; [@B141]). Physiological measures of sleepiness can include using polysomnography to monitor how long an individual may take to either fall asleep (multiple sleep latency test; [@B24]) or remain awake (maintenance of wakefulness test; [@B87]) when in a resting position. Either of these measures can provide an objective estimate of sleepiness when the person should be awake. These physiological methods provide sleep scientists and clinicians the ability to track the onset of sleep, monitor sleep stages, assess physiological sleepiness, and diagnose sleep disorders. However, because of the invasiveness and cost of physiological equipment, this technology is seldom applied in an occupational setting to measure sleep or sleepiness. One method that can help address this issue is actigraphy where portable activity monitors are used to provide an estimate of sleep time in the individual. Although actigraphy is not as accurate as polysomnography, it does provide a useful estimate of sleep--wake time that can be compared within individuals across nights.

Many studies, particularly those in the workplace, ask individuals to record characteristics of their nightly sleep in a sleep log. Individuals record relevant information before and after a night of sleep, including when they believe themselves to have fallen asleep, how long they slept, and how often they awoke during the night ([@B23]). Scales such as the Pittsburgh Sleep Quality Index ask additional questions about sleep medication use and patterns of behavior to quantify sleep habits ([@B20]). These types of subjective measures provide information about sleep habits but are dependent upon the individual's assessment of their own sleep patterns. In recent years, wearable technology has been used to supplement self-report information, thus providing an objective means of monitoring sleep and sleep habits. Wearable technology allows individuals to track their sleep patterns with relatively little effort. These wearable devices range in price and complexity, but even inexpensive step trackers can use motion tracking to estimate time asleep. Although consumer technology seems to overestimate total sleep time and underestimate sleep disruptions ([@B67]), they can provide a meaningful measure of sleep habits when comparing across time within an individual.

Another metric of interest to organizations is the measure of daytime sleepiness. For many researchers and clinicians much of the purpose of tracking nighttime sleep is to better predict daytime fatigue and sleepiness in terms of performance and well-being as well as to estimate the likelihood of falling asleep during the work day. Excessive daytime sleepiness is directly related to risk of at-work injuries, task mistakes, and long-term negative health outcomes ([@B101]). Sleepiness surveys such as the Stanford Sleepiness Scale, that asks individuals to describe their current feeling of sleepiness ([@B55]), and the Epworth Sleepiness Scale, that asks individuals their likelihood of falling asleep given certain scenarios ([@B61]) are used regularly in research and clinical settings. Although these sleepiness measures have some limitations ([@B125]; [@B114]), both scales can be administered in less than 2 min, making them practical for a workplace setting.

Sleep-related fatigue can also be quantified using performance metrics and non-invasive physiological indices. For example, both simple reaction time on a psychomotor vigilance task and eye movement speed slow proportionately with the severity of sleep deprivation, while instances of attention lapses increase proportionately ([@B93]). If performance is already being tracked as part of normal job function or can be added as an additional simple task, using a performance metric offers an opportunity to assess the potential detrimental effects of sleepiness with little interruption to the workplace. In addition, less-invasive physiological indices of the circadian rhythm, such as body temperature, show promise in predicting workplace error due to sleepiness ([@B91]). When considering potential concerns in occupational health and safety, work environments that regularly challenge the circadian system through shift work, regular travel across time zones, or work in diverse global regions could be designed to assess performance or physiological indices to monitor potential safety and health issues due to sleep disturbances and sleepiness.

Sleep and the Workplace {#S4}
=======================

Human resource management includes supervision of risk factors that impact employee health and well-being as well as productivity in the workplace ([@B15]). The negative impact of sleep deprivation is one area that is often undervalued by workers and by human resource management. Sleep deprivation resulting either from poor choices related to sleep habits or to occupational requirements such as shift work is a common cause of sleep- and sleepiness-related detriments in the workplace. Sleep deprivation negatively impacts a wide range of employee performance, health, and well-being issues including immune defense reaction ([@B78]), cardiovascular functioning ([@B140]), metabolic disorders ([@B64]), mood disorders ([@B133]); affective reactivity ([@B107]), motivation ([@B99]), subjective effort ([@B40]), accidents in the workplace ([@B134]), and performance on many types of vigilance and more complex cognitive tasks ([@B105]; [@B110]). In addition, daytime sleepiness is related to higher mortality rates ([@B39]), cardiovascular disease and diabetes ([@B26]), and fatigue-related accidents ([@B85]). This wide range of effects related to poor and inadequate sleep has led some to declare a sleep crisis as a public health issue ([@B11]).

Shift Work {#S4.SS1}
----------

Because of the prevalence of sleep deprivation and daytime sleepiness, health agencies in many countries, such as the US Centers for Disease Control and Prevention, are increasingly monitoring population-based sleep habits ([@B45]). Irregular work hours, such as those seen in shift work schedules, have a negative impact on work performance and can continue over days off ([@B3]). Data collected by the National Center for Health Statistics indicate that 29.9% of working adults average less than 6 h of sleep a night ([@B77]). Among specific industries, the highest percentage of individuals experiencing sleep loss were those involved in the management of companies and enterprises (40.5%). Manufacturing and transportation follow closely as the second and third highest industries for sleep loss respectively, largely due to the prevalence of shift work scheduling and work demands across the 24-h day. These patterns of sleep disturbances occur in multiple societies ([@B2]; [@B35]). Furthermore, between 15 and 30 percent of the working population in developed countries are on shift work schedules, often working against the body's endogenous circadian rhythm and, as such, promoting sleep disturbances and sleep disorders ([@B18]).

Shift work-related sleep disturbances are more common when occupations require workers to sleep during the day, a common result of working at night ([@B34]). Daytime sleep is challenging for most workers due to a variety of issues such as family demands, environmental light and noise, and the natural circadian pressure to be awake during the day. Some studies suggest that sleep quantity and sleep efficiency are lower in night workers who must sleep during the day compared to rotating shift workers who sleep at different times across the 24-h day depending on their shift work schedule ([@B34]). However, this may depend on the pattern of night shifts a worker experiences or even individual differences. There is some evidence that permanent night shifts can result in a more stable sleep pattern for many workers than rotating shifts ([@B111]). It is important to note; however, that night shift workers will always have to combat the natural circadian rhythm to be asleep at night and awake during the day. Perhaps the best way for night shift workers to adapt to working at night is to maintain the pattern of being awake at night and sleeping during the day on their days off. Even then, the presence of sunlight during the day will bolster the circadian pressure to be awake during the day and to sleep at night. Although there is some debate among sleep scientists about the relative merits of different shift work schedules, it is clear that night shift work will result in sleep difficulties and, almost always, in sleep loss. The answer is to not require persons to be alert and work at night when their circadian rhythm is encouraging sleepiness and sleep. However, since 24-h-a-day operations are necessary in most societies, the best option is to develop health promotion paradigms and countermeasures to decrease the negative side effects of night shift work.

The need for 24-h-a-day operations in developed countries has increased the likelihood that workers will experience fatigue, sleepiness, and decreased performance skills as part of their daily lives ([@B4]; [@B9]). Evidence also suggests that the more one works, the less time the person sleeps, even on days off ([@B14]; [@B69]). It is important to note; however, that the short-term and long-term impact of sleep deprivation and changes in sleep patterns due to occupational demands vary according to specific characteristics of the work requirements as well as the worker.

Individual Differences {#S4.SS2}
----------------------

Although most organizational research assumes a degree of homogeneity to the working population, individual differences can affect how the working environment impacts the employee. Factors such as gender and age contribute to differences in sleep quantity and quality in addition to general well-being in workers. Studies of employee health and well-being have shown that women shift workers have an increased risk of poor sleep quantity and quality compared to their male counterparts ([@B28]). This includes difficulty falling asleep, staying asleep, and a higher likelihood to use sleep medications to compensate for poor sleep ([@B80]). Women also suffer more from work-family imbalance issues than men. Social and family obligations may partially account for the observed gender difference in that women often are responsible for more of the family and home duties than males; however, gender differences in the circadian rhythm may also contribute to the difference seen between females and males ([@B102]). For example, even in identical environments, the female circadian clock tends to be set earlier and slightly shorter on average than the male circadian clock ([@B37]). In addition, growing evidence suggests that many of the differences in sleep between females and males could be related to the lower socioeconomic status of females in comparison to males ([@B8]). These differences in sleep patterns between females and males can contribute to different responses from females when meeting work demands that challenge the circadian rhythm.

Age is also a primary predictor of sleep and behavior, an issue that has become increasingly important as the average workforce age increases ([@B98]). Although the time spent in bed remains relatively stable throughout the working adult years, there are several factors that contribute to poorer sleep in later adulthood. As early as the middle twenties, sleep patterns begin to shift and continue to change throughout adulthood and into retirement age ([@B100]). With age comes a decrease in the amount of deep sleep, generally associated with poorer cognitive performance, and an increase in the number of awakenings during the night, which is linked to less sleep quantity and poorer sleep quality ([@B32]). These changes in sleep in adulthood can have a negative effect on individual health, decreased cognitive and physical ability during the work day, and a higher risk of injury. Although we do not yet fully understand these age-related changes in sleep, one contributing factor is an age-related decline in the endogenous circadian rhythm output which may help destabilize the sleep-wake cycle ([@B96]). However, it is important to note that lifestyle habits can also play a role in how individuals adapt to the potential detrimental effects of working conditions that challenge the sleep-wake cycle. For example, one study in nurses found the highest prevalence of excessive daytime sleepiness (29.3%) in those 20--29 years of age, compared to those in their 30 s (24.7%), 40 s (15.5%), or 50 s (12.3%), largely due to social choices such as maintaining or not maintaining regular sleep schedules ([@B130]).

Performance in the workplace can also be moderated by the endogenous circadian rhythm. The endogenous circadian rhythm in a few individuals can be slightly shorter than 24 h but averages 24.2 h in length ([@B33]). There is evidence that this variation in the circadian rhythm can be used to define individuals as morning types who have shorter circadian periods or as evening types who have longer circadian periods, with most individuals somewhere between the two extremes ([@B38]). A convenient method to determine a person's chronotype is through self-report questionnaires ([@B56]) which can be easily administered in a variety of settings. For example, multi-country data gathered through a self-report survey suggest that chronotype affects sleep duration and itself is dependent on age and sex ([@B120]).

Individuals who do fall in the extremes of morningness and eveningness can experience difficulties with on-the-job performance and functioning. Those with a disposition toward morningness are found to be more productive during the earlier hours of the day, while those who identify as evening types tend to be more productive during the later portion of the day ([@B116]). In addition, the chronotypes follow age-related patterns with early career individuals in their 20 s tending toward eveningness and later career individuals tending toward morningness ([@B89]; [@B116]). The morningness versus eveningness of an individual also impacts sleep and social activities. Circadian rhythms contribute to less sleep quantity and poorer sleep quality in persons with eveningness which will in turn result in performance degradation in the workplace as discussed previously. In a social context, eveningness can negatively impact social interactions and contribute to feelings of stress in the earlier part of the work day ([@B83]; [@B29]). Furthermore, changes in exposure to sunlight due to where a person lives within a given time zone can affect the circadian clock. It has been shown that persons living on the eastern edge of a time zone tend to be more likely to be morning people while persons in subtropical regions tend toward eveningness compared to those who live in more northern regions ([@B118]). It is also interesting to note that chronotypes are influenced by how the pressure or need to sleep is dissipated by sleeping ([@B88]), thus adding to the complexity of workers better managing their sleep to improve their work-related performance.

Race and cross-cultural differences have also emerged as relevant factors when considering employee sleep and health ([@B50]). A meta-analysis concluded that African Americans slept less than white Americans each night and had less deep sleep overall ([@B124]). Moreover, minority groups, in general, sleep less than non-minorities ([@B59]), while African/Caribbean immigrants sleep less than white Americans even after controlling for education and occupation ([@B41]). Sleep quantity; however, is not the only potential concern when examining the effects of sleep on organizational behaviors and occupational health issues. For example, sleep quality is better related to health and well-being than sleep quantity in persons sleeping about 7 h a night ([@B108]). Sleep quality also seems to be a mitigating factor when examining the effects of socioeconomic status, race, and sleep on health ([@B90]) suggesting that both lower socioeconomic status and poor sleep negatively affect health in minority groups. Measures related to sleep also vary across different countries and cultures. Germans, for example, differ in their sleep-wake patterns and chronotypes from Indians and Slovakians ([@B119]) while sleep problems related to aging relates to increased health and well-being issues in multiple countries across Africa and Asia ([@B129]).

A variety of other factors impact the ability of individuals to maintain a healthy sleep--wake cycle. Persons suffering from clinical sleep disorders, such as insomnia and sleep apnea, have more work impairments ([@B131]) and are more likely to have substance use disorders than normal sleepers ([@B42]). The presence of sleep disorders has also been used to predict risk of substance use in the future ([@B142]). Research suggests there is a bidirectional relationship between sleep and substance use that can decrease occupational productivity ([@B94]). In addition, cultural standards influence sleep. Social demands such as school or work start times alter the sleep--wake cycle ([@B60]). Personal decisions for sleep time within a family such as earlier or later bedtimes for children can change the sleep habits of the parents and negatively affect their work performance the next day ([@B46]). Finally, cultural expectations for sleep habits can impact sleep and work performance and can range widely across cultures both for sleeping at night and daytime napping which can impact on-the-job performance. As we have seen, decreased sleeping at night negatively impacts work performance. In contrast, daytime napping can help mitigate this effect and potentially improve performance after the nap; however, this effect varies across individuals.

Work Performance {#S4.SS3}
----------------

Poor and inadequate sleep results in a variety of cognitive deficits, including an inability to maintain attention, decreased alertness, delayed reaction time, dulled auditory and visual perception, altered emotional processing, and a general inability to think clearly ([@B74]). When considering sleep-deprived workers, this results in a decrease in job-related performance and a propensity for errors. For example, many studies have found that sleep deprivation and sleepiness result in an increased likelihood of medical-related errors. Excessive daytime sleepiness has been found to predict drug administration errors and incorrect operation of medical equipment ([@B130]). In addition, nurses alter their medical-related decision-making across a 12-h shift ([@B81]) and on-call scheduling results in performance decrements in physicians ([@B115]).

Sleep loss can also promote injury both during work and outside of work hours. Employees at four United States corporations were surveyed about sleep habits and those reporting insufficient sleep were nearly twice as likely to unintentionally sleep during work, fall asleep while driving, and injure themselves at home due to sleepiness compared to good sleepers ([@B122]). Workers suffering from obstructive sleep apnea and the resulting sleep loss and daytime sleepiness are twice as likely to injure themselves while at work than those without sleep apnea ([@B43]; [@B54]). Furthermore, in a study of 160 fatal occupational accidents, sleep difficulties were more predictive of fatal accidents than how physically strenuous the work was, how hectic the work was, the age of the individual, or whether the individual was working overtime ([@B5]). More specifically, risk of occupational injury due to sleepiness is particularly high in the transportation industry. In one sample, one-in-four professional drivers were affected by insomnia, which doubled their risk of crashing while driving for work and tripled their risk of having a near-miss accident compared to non-insomniac drivers ([@B44]).

As noted earlier, sleep deprivation negatively impacts motivation to perform well when working. It is important to understand how sustained performance under sleep loss conditions impacts subjective perceptions as those could be the first indicator of a potential negative reaction by the individual ([@B62]). It is well documented that sleep deprivation negatively impacts mood and increases sleepiness ([@B109]; [@B36]). The type of task could also affect how the worker reacts when sleep deprived with vigilance tasks being more negatively affected than more complex tasks ([@B99]). The desynchronization of the sleep-wake cycle as well as the loss of sleep as seen in many occupations can be a direct cause of stress in individuals ([@B58]). Furthermore, [@B70] found that persons suffering from insomnia are more likely to struggle with professional development in general, resulting in a lower likelihood of job promotion, and a higher probability of dismissal. Although less research has focused on the individual's perceptions when working under sleep-deprived conditions as well as the broader implications of sleepiness in the workplace, the evidence suggests that these could be important issues for human resource management.

On-the-Job Behaviors {#S4.SS4}
--------------------

Sleep plays a unique role in work behaviors due to the impact of sleep loss and sleepiness on workers' overall situational and emotional processing. [@B136] showed that sleep deprivation impairs the ability to judge human facial emotion which could disrupt affective social cues valuable to interpersonal communication. In addition, sleep deprivation negatively impacts the individual's response to positive stimuli ([@B107]) which could result in more focused responding to perceived negative events. In an occupational setting, this can result in miscommunication, social misjudgment, and tension between coworkers. [@B10] found that sleepiness during work was related to aggressive behaviors in the workplace. Tired individuals were more likely to rationalize using aggressive behavior and avoiding rules perceived as unfair ([@B17]). These types of potential issues are of particular concern in that workers are more likely to fully engage in their workplace when they have emotional and cognitive investment in the system ([@B139]) and a strong work identity ([@B65]), something that sleep loss and sleepiness could negatively impact.

Sleep deprivation is also related to employee absenteeism. Non-shift work employees across a variety of blue-collar and clerical occupations who self-report more daytime sleepiness are significantly more likely to take work absences ([@B104]) and more likely to arrive late or leave early ([@B131]). Although absenteeism could be explained by considering the relationship between sleep and illness, other research supports the possibility of willful absenteeism. [@B12] found that poor sleep quantity and quality could predict unethical behaviors in a work setting. In addition, workers with poorer sleep were more likely to lie about their own performance scores and were rated as showing more unethical behavior on an ethics scale by their supervisors ([@B1]). This included actions such as misusing sick days and company time, claiming credit for someone else's work, and divulging confidential company information.

A variety of factors in and out of the workplace can contribute to sleep loss and sleepiness, including many psychosocial work factors. Social support impacts the ability to react to challenging conditions and exert the self-control needed to successfully navigate many stress-inducing situations ([@B106]). In a sample of Japanese workers, decreased social support and interpersonal conflicts at work were related to an increase in risk of insomnia ([@B97]). Similarly, research shows that social exclusion at work increases risk for sleep disturbances ([@B103]). These issues likely stem from increased physiological arousal due to stress and anxiety as well as a negative shift in the victim's sense of self and feelings of support for work mates. Negative events outside of the workplace similarly contribute to sleep loss, commonly through parasomnias such as nightmares in the case of traumatic events ([@B95]). Indeed, feelings of stress from daily life, including psychosocial stress but also everyday challenges, predict day to day sleep quality ([@B6]) and thus impact on-the-job behaviors.

Sleep and Health {#S5}
================

Many people recognize that maintaining good sleep habits is part of making healthy lifestyle choices; however, it can be surprisingly difficult to maintain good sleep habits which can lead to negative consequences on long-term health. Sleep scientists have found numerous links between sleep and health. Poor sleep over a longer period of time is related to increased risk of cardiovascular disease and diabetes ([@B26]) and higher risk of developing dementia and Alzheimer's disease ([@B16]). Studies have also found increased mortality rates associated with either shorter sleep periods (less than 3.5--4.5 h) or longer sleep periods (greater than 8 h) ([@B68]) as well as with excessive daytime sleepiness ([@B39]). Moreover, shift workers have a higher risk factor for developing health issues. One review study concluded that shift workers, particularly night shift workers, experience more severe gastrointestinal, neuro-psychological, and cardiovascular issues than non-shift workers ([@B31]). A second review study concluded that shift workers are more likely to suffer from peptic ulcer disease and coronary heart disease ([@B66]) than non-shift workers. More generally, night shift workers can experience a wide range of long-term issues that can contribute to poor health over time. Nurses working the night shift, for example, have significantly higher incidences of obesity, higher caloric intake and tobacco use, and poorer sleep ([@B117]). Finally, shift workers experience a wide range of issues that can negatively affect long-term health including concerns with families and social life, increased fatigue, and increased risk of on-the-job accidents ([@B53]).

There is also increasing evidence that sleep is specifically involved in the functioning of the immune system ([@B19]). Research suggests that proper functioning of many components of the immune system such as T-cells and inflammation markers as well as necessary endocrine functioning depend on the timing of sleep and the endogenous circadian rhythm to sleep at night ([@B72]). More specifically, immunology studies show that sleep loss is associated with increased secretion of proinflammatory cells while curtailing the antiviral immune responses ([@B57]). Other studies also suggest a link between exposure to viruses, poor sleep, and developing an illness. For example, when exposed to the rhinovirus, participants who averaged less than 7 h of sleep were three times more likely to show clinical symptoms of the common cold than those who slept 8 h ([@B30]). Cohen and colleagues also found that people with low sleep efficiency were five times more likely to show cold symptoms when exposed to the rhinovirus. Furthermore, just feeling rested after sleeping does not seem to be enough to ensure a properly functioning immune system. Although employees who sleep for fewer hours can report deep sleep and may even feel rested upon awakening, they are still at risk for developing an illness ([@B138]). Sleep deprivation also appears to attenuate the antibody response to influenza and hepatitis vaccinations ([@B128]). This effect is further compounded with stress, as higher subjective reports of stress with poor sleep further diminishes the humoral immune response to immunization ([@B86]).

Even relatively short-term sleep loss can have adverse effects on key health indicators. In general, short-term sleep restriction can decrease glucose tolerance, increase blood pressure, increase reactivity of the sympathetic nervous system, decrease leptin levels, and increase immunological markers of inflammation ([@B7]). One night of sleep deprivation results in increased systolic blood pressure in middle-aged adults ([@B63]) and in elevated diastolic blood pressure in young healthy adults with a family history of hypertension ([@B82]). Partial sleep deprivation also has negative effects on several physiological indicators of health. For example, blood pressure is increased in persons reporting 3.6 h of sleep at night ([@B132]). Approximately 4 h of sleep at night is also related to impaired glucose reactivity, increased sympathetic response, higher cortisol levels, and reduced leptin levels ([@B127]) as well as increased levels of C-reactive protein, an indicator of inflammation related to heart disease ([@B84]). Both total and partial sleep deprivation have negative effects on many health-related physiological indices suggesting that helping workers prioritize good sleep habits is essential for good health in the workers and long-term organizational success.

Human Resources Impact {#S6}
======================

When organizations go beyond the goal of financial gain to embrace corporate social responsibility and support the good of society, employees work harder and better contribute to the effectiveness of the organization. Better integrating the concept of corporate social responsibility with well-being of employees could also have positive effects on the organization ([@B49]). Although many human resource models incorporate necessary functions for organizational success such as hiring and staffing practices, benefits and compensation, and training for employees, it is less common for human resource divisions to focus on employee well-being.

Work-related stress and strains are related to the employee's perceived well-being but can be compensated for through social support ([@B47]). Human resources could be part of that social support system. Organizations can benefit if human resources create more of a partnership with their workers and include the well-being of workers in the different decision processes that typically take place in human resources. For example, human resources could focus on job design and anti-harassment practices that would benefit the workers and increase performance rates ([@B51]).

Sleep loss and sleepiness is one well-being issue that directly impacts the functioning of employees on many levels. Although less research has examined the impact of sleep loss and sleepiness at the organizational level, these are important issues for employees, managers, and human resources. For example, research suggests that changes in behavior due to sleep loss could be considered during personnel selection. Person-specific sensitivity to the negative effects of sleep deprivation has been considered as a trait characteristic ([@B137]) that could be used when hiring individuals for shift work. Furthermore, employee selection tools on aggressive behaviors could be used as an indicator of employee responses in work environments associated with sleep loss ([@B10]). The implications of these findings suggest that human resources could mitigate future personnel problems at the level of hiring or when assigning employees to a new work position by screening for individual responsiveness to sleep loss and sleepiness. The potential benefits of organizations taking these steps are more apparent when considering that individuals do not appear to self-select occupations based on their own ability to cope with sleepiness-inducing work environments or schedules ([@B137]).

Research suggests that working conditions can negatively impact employee health ([@B135]). As such, it is important to consider how human resources can promote healthier work environments. One method is by promoting workplace practices that could curtail on-the-job sleepiness. [@B25] have suggested that traditional tactics for better managing sleepiness related to shift work, such as providing for nap breaks, are promising countermeasures. Human resources could also consider work scheduling practices that provides flexible working hours for employees where employees could choose either earlier or later work hours to better match their chronotype or to better match their family or other nonwork-related demands. Organizations can also provide adaptation time for workers to adapt to new time zones when traveling. In addition, there is growing evidence for the use of light exposure to promote alertness. Light is connected to the circadian rhythm and sleep--wake cycle and may help establish alertness at appropriate times. Research suggests that allowing for regular exposure to natural sunlight during the day can help ward off daytime sleepiness ([@B22]). In the case of night shift work, brief half-hour exposure to bright artificial light during the night has been shown to reduce subjective sleepiness and encourage alertness ([@B21]; [@B126]). Although there is much work yet to do at the organizational level, current research suggests several possible workplace interventions that human resource divisions could explore as potential countermeasures to help employees better manage their on-the-job alertness levels.

Conclusion and Implications {#S7}
===========================

In recent years, some organizations have started to emphasize better understanding how sleep habits and sleepiness affect their employees and the workplace. Although research has connected poor sleep to decrements in many major cognitive processes as well as negative health outcomes, the literature addressing occupational interventions is still developing. The current summary relating sleep habits and sleep deprivation with organizational behavior (see [Table 1](#T1){ref-type="table"} for a summary of the cited literature in this review), will help provide background for new research.
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Shift work scheduling, travel across multiple time zones, and working in the circumpolar regions contribute to on-the-job sleepiness, circadian disruption, and decreased task performance. Best practices for organizational intervention to mitigate these work-related hazards require additional research. At least some of this difficulty comes from the complex interaction between employee individual differences and differences in occupations ([@B137]). In addition, the choice by the worker on whether to prioritize sleep has an impact. Many workers are willing to exchange personal sleep time to increase time at work and time with their family ([@B13]). Although organizations cannot control each employee's sleep times, human resource management can investigate more thorough education programs as well as potential actions in the workplace that would help workers maintain better sleep habits and alertness when on-the-job. Personnel scheduling and responsibilities, demographics, and personal traits contribute to sleep habits and the risk of sleepiness in the workplace as well as a decrease in occupational-related performance. However, the degree to which this on-the-job sleepiness limits job performance varies depending on individual tolerances to job demands as well as the job characteristics. As such, implementing best practices and interventions in at-risk occupations is a challenging but necessary process for workers, human resources, and organizations.

Current research supports introducing workplace programs to support healthy sleep habits. Some organizations may assume that employees will make responsible and rational decisions about their sleep health. However, without education, it is difficult for many people to fully appreciate how many aspects of performance and health are negatively impacted by poor sleep habits and sleep loss. Although the effectiveness of workplace health promotion programs depends on the type of intervention and characteristics of the workers ([@B121]), it is essential to develop and test health promotion programs that address specific occupational concerns. For example, health promotion programs that utilize wearable technology, such as creating teams to use step counters to track movement, show greater participation and less attrition than with individual participants ([@B48]). Health promotion programs could provide a range of effort such as, educational materials, classes, and health-promotion events that could help inform employees of the importance of prioritizing sleep as well as indicating the organization's commitment to helping the employees. The programs could also focus on using current technology to better track and improve sleep habits and alertness when working. Better developing and maintaining health promotion programs such as these could benefit the employees as well as the organization.
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